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Development of a new molecular typing method
of Salmonella spp. based on SNPs detection
VAN BOST, S., GHAFIR, Y., DAUBE, G., CHINA, B*.
University of Liège, Vet school, Food Sciences Department, Microbiology, Sart Tilman B43b, 4000 Liège, Belgium.
Phone: +3243664017, fax: +3243664016, Email: bchina@ulg.ac.be
Summary: The aim of this study was to develop a new molecular typing method of Salmonella spp.
based on the detection of point mutations (Single Nucleotide Polymorphisms or SNPs) in the genome.
Several genomic regions (ManB, InvA, pduF) were sequenced in strains isolated from pig, the sequences
were aligned and 49 point mutations were identified. A panel of 12 SNPs giving a genotype characteristic
of a particular serotype was selected. Until now, thes selected SNPs were unable to distinguish the
all strains. Therefore, additional SNPs must be selected.
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Introduction: Salmonella enterica is a common cause of foodborne intoxication. Pig is a major
reservoir of these pathogenic bacteria. Our previous study indicated that the prevalence on carcasses
is around 20 %. Since Salmonella enterica contains many different serotypes of different pathogenicity,
epidemiological studies require very powerful tools. Until now, the molecular typing methods include:
ribotyping, pulse field gel electrophoresis (PFGE) (Fontana et al., 2003), Amplified Fragment Length
Polymorphism (AFLP) (Hu et al., 2002), Random Amplification of Polymorphic DNA (RAPD) (Khoodoo et
al., 2002) or Multi Loci Sequencing Typing (MLST) (Kotetishvili et al., 2002). All these methods are undirect
ways to study the point mutations occurring in the bacterial genome during evolution. These point
mutations (one base replaces another) referred to Single Nucleotide Polymorphism (SNP) that are
widely used in eukaryotes as genetic markers. The aim was to select SNPs allowing to distinguish one
strain from another by using an automated genotyping method.
Material and methods: Strains. Three strains of the following serotypes were used: S. thyphimurium, S.
thyphimurium copenhagen, S.Livingstone, S. infantis, S. mbandaka, S. london, S. bovismorbificans, S.
goldcoast, S. bochum, S. anatum, S. nigeria, S. rissen, S. panama, S. ibadan, S. africana, S. enteritidis, S.
odozi, S. virchow, S. babelsberg, S. agona, S. adjame, S. lexington, S. Brandeburg, S. maritzburg. They
were all isolated from pig samples (meat, feces). PCR. The DNA was extracted using a commercial kit
(Wizard genomic kit, Promega). The PCR primers were selected using the Oligo6 software (Medprobe).
The PCR were performed using the following mastermix: ADN (10-100 ng), 1 unit of Taq DNA polymerase
(Amersham Biosciences), 2 ml of 10 x buffer (500 mM KCl, 15 mM MgCl2, and 100 mM Tris-HCl (pH 9)),
0,2ml of each primers (40 mM), 2 ml of 2 mM dNTPs and sterile pure water up to 20 ml. The cycles used
were 1 times 94ÆC for 5 min., 40 times (94ÆC for 30 sec., OAT (optimal annealing temperature as calculated
by the oligo6 software) for 30 sec, 72ÆC for 30 sec), 1 times 72ÆC for 5 min. The PCR products were
purified using ExoSap-IT procedure (Amersham Biossciences). Sequencing. The Purified PCR products
were sequenced using upper and lower PCR primers following the DYEnamic ET terminator cycle
sequencing kit (Amersham Biosciences). The sequencing products were analyzed by capillary
electrophoresis (Megabace 500, Amersham Biosciences). The deduced sequences were aligned using
the Clustalw software (http://www.ebi.ac.uk/clustalw/). Genotyping. The PCR products were pooled
and diluted ten times with water. Ten microliters were mixed with 5 ml of molecular weight marker (ET-
550, Amersham Biosciences). The samples were analyzed by capillary electrophoresis (Megabace
500). The genotypes were deduced using the “Genetic Profiler “software (Amersham Biosciences).
Results: From genomic DNA, several genomic regions were amplified by PCR and sequenced. The
sequences were aligned and the SNPs identified. The results were summarized in table 1. Among the
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49 described SNPs, 12 were selected because they gave a genotype characteristic of the serotype.
Allele specific primers were selected (table 2) and a multiplex PCR was performed in order to generate
amplicons of different sizes. The mixture of amplicon was then analyzed by capillary electrophoresis.
The size gave the selected SNP and the detected color gave the allele present. Nevertheless, the SNPs
selected at the moment were unable to discriminate each strain. Therefore, the investigations to look
for new SNPs were still running.
Discussion: In order to be able to evaluate the genetic linkage between Salmonella strains, it is
important to be able to have a powerful genotyping method. Most of the existing methods were
difficult to automate and have problems of repeatability and reproducibility (Bagley et al., 2001). Since
most of the methods were based on the presence of point mutations, we chosen to directly detected
the SNPs. The first step was to select SNPs by sequencing some genomic regions in several strains. This
approach allowed us to select SNPs that are specific to a particular serotype. An automate genotying
method was developed to identify the Salmonella serotype. Nevertheless, it was actually not possible
to distinguish the all strains. Therefore, we are investigating other polymorphic genomic regions. We
focused our attention to intergenic regions and polymorphic regions selected by RAPD or AFLP.
Table 1. SNPs detected in Salmonella genomic regions
Table 2. Primers used for the serotype specific genotyping
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Summary: Salmonella control programs in pigs are usually based on serological tests. The major
objective of this cross-sectional study was to investigate the correlation between the serological
results and the bacteriological results of Salmonella diagnosis in pigs at the herd level and at the
animal level. From 60 farrow-to-finish herds, serum samples and mesenterial lymph nodes from 30
fattening pigs were taken in the slaughterhouse. Antibodies were determined using an indirect mix-
ELISA. Qualitative Salmonella isolation was carried out on the lymph nodes. From a representative
number of isolates, serotypes were determined. At the herd level, a Spearman’s rank correlation
coefficient of 0.28 was calculated (p = 0.03). The OR between serology and bacteriology based on
individual samples was 1.54 (0.83 - 2.24). Associations were found between the serological and the
bacteriological diagnosis, although not significant. 
Keywords: Salmonella isolation, mix-ELISA, serotypes, odds ratio
Introduction: Salmonella in pork is one of the major sources for human salmonellosis. Most surveillance
programs are based on serological tests carried out on blood samples taken at the slaughterhouse.
It is important to know if serologically negative animals still can be carriers of Salmonella. The aim
of present study was therefore to investigate the correlation between the serological and the
bacteriological results for Salmonella diagnosis in blood samples and mesenterial lymph node
samples taken at the slaughterhouse, at the individual level.
Materials and methods: Sixty farrow-to-finish pig herds participated in this study. From each herd,
30 randomly selected pigs were sampled at the slaughterhouse. Individually numbered pigs were
blood sampled at killing, mesenterial lymph nodes were collected from the same pigs after evisceration.
Blood samples were transported to the laboratory where antibodies were determined in an indirect
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